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PULMONARY ARTERIAL HYPERTENSION (PAH) is a rare and progressive disease that leads to deterioration in cardiopulmonary function and premature death. It is characterized by increases in pulmonary vascular tone, pulmonary vascular remodeling (28) , and mean pulmonary artery pressure and an imbalance in vasoconstrictors and vasodilators, particularly prostacyclin, endothelin-1, and nitric oxide (NO; Ref. 13 ). Idiopathic pulmonary arterial hypertension (IPAH), in which PAH occurs in the absence of underlying disease, is characterized by complex and abnormal vascular responses and pathology. Several processes are believed to lead to the fatal progressive pulmonary arterial narrowing seen in pulmonary hypertension (PH) including vasoconstriction, cellular proliferation inflammation, vascular remodeling, abnormalities in the lung matrix, and in situ thrombosis (4, 16, 28) .
The thrombotic lesions that are often found in pulmonary arteries in IPAH suggest that platelet dysfunction is a poten-tially important pathophysiologic process in the disease (36) . Thrombosis in pulmonary arteries could be initiated by abnormalities in the clotting cascade or platelets. von Willebrand factor, which plays a crucial role in platelet adhesion and aggregation (23) , can be increased in patients with IPAH (44) and may be a predictor of long-term prognosis (19) . In addition to having a role in clotting, platelets also release many different bioactive substances, which regulate vasoconstriction and thrombosis (15) .
NO has been proposed as a major physiologic regulator of blood vessel tone (33, 34) . NO in the lung is involved in multiple functions including vascular smooth muscle relaxation, proliferation, and inflammation (5, 6) . Interestingly, NO and the reaction products of NO are reduced in patients with IPAH compared with healthy individuals (17) and are related in a quantitative fashion to the degree of PAH. One of the earliest observations of NO action was that upon platelets. While this was believed to impact platelets from the endothelial-derived NO, it is now very clear that NO is also produced by platelets themselves (18, 19) . Both endothelial (eNOS) and inducible NO synthase (iNOS) proteins have been found in platelets (2, 3, 40) . While eNOS appears to be constitutively present, iNOS protein is found only under inflammatory conditions (40) . However, these observations are controversial since other studies fail to detect mRNA or proteins for these enzymes in the platelet (25, 26) .
Here we have characterized the phenotype of the platelets in IPAH and have identified that eNOS levels in these platelets are reduced. We also demonstrate that NO is an important regulator of platelet function and this reduced level of eNOS would impact the ability of the platelets to regulate themselves correctly. The physiological consequence of this dysregulation leads to several known pathological features of IPAH. , we performed more detailed evaluation of platelet structure and function including cyclooxygenase (COX) and NOS expression (mRNA: n ϭ 13 IPAH, 12 controls; Western blots: n ϭ 9 IPAH, 9 controls).
MATERIALS AND METHODS

Study
The platelet aggregation studies were performed on freshly isolated platelets from blood obtained from three IPAH patients [at the time of a diagnostic right heart catheterization and before initiation of any PHspecific therapies] and three controls (on the same day as the patients).
Isolated purified platelets were also obtained from normal volunteers (n ϭ 3) undergoing plasmapheresis for research donation of blood products from the Cleveland Clinic General Clinical Research Center. The pheresis samples (n ϭ 3) were only used for mRNA and protein expression experiments but not in the functional studies or to determine the platelet counts.
All participants signed a consent form that was approved by the Cleveland Clinic Institutional Review Board before participation in these studies.
Platelet isolation. Whole blood from healthy volunteers and from the patients with IPAH was collected in citrated tubes (1/7 volume of [acid citrate dextrose (ACD)]) as described previously (21) , and platelet counts were calculated as platelets ϫ 10 9 per liter. Blood was spun for 20 min at 1,000 rpm at room temperature (RT) to obtain platelet rich plasma (PRP). PRP was placed into another tube in the presence of 100 nM prostaglandin E 1 (PGE1; Sigma cat no: P-5515) to prevent aggregation then respun for 20 min at 1,500 rpm at RT to get a pellet-containing platelets. The pellet was washed two times with 1ϫ PIPES-saline-glucose buffer containing 5 mM PIPES (Sigma), 145 mM NaCl, 50 mM Na 2HPO4, 1 mM MgCl2-6 H2O, and 5.5 mM glucose. Washed platelets were spun 10 min at 1,500 rpm at RT, and then mRNA extraction or protein isolation was performed. Platelets obtained from this source were further purified by being mixed with PGE1 to a final concentration of 100 nM and spun at 1,800 rpm for 20 min. The supernatant was discarded, and the upper layer containing the platelets was carefully removed, without disturbing the red blood cells, and resuspended in Tyrode buffer lacking calcium. These platelets were then respun, and the process was repeated two more times. At this time, no red blood cell contaminates were visible. After the final spin, platelets were resuspended in Tyrode buffer containing 1 mM calcium and used in subsequent experiments. Platelet numbers and purity were confirmed using Abbott Cell-Dyn 3700 hematology analyzer.
Immunostaining. Isolated platelets were cytospun and then fixed in 4% paraformaldehyde for 7 min at RT followed by permeabilization in 0.5% Triton X-100 for 7 min. Slides were washed with PBS and incubated with primary antibodies for eNOS and CD42b [Biosciences, Pharmingen, and Santa Cruz Biotechnology (Santa Cruz, CA), respectively] in humidified chambers for 90 min at RT. After three washes in PBS, they were stained with fluorescence-conjugated secondary antibodies. Slides were rinsed three times with PBS and once with distilled water followed by mounting on the glass microscope slides using Vectashield mounting medium containing DAPI (Vector Laboratories, CA). Confocal XY images were taken using ϫ63 objective lens (zoom 2) of a Leica TCS-SP/SP-AOSB laser confocal microscope (Leica-Microsystems, Wetzlar) using Leica confocal software version 2.5. The excitation (Ex)/emission (Em) wavelengths were as follows: DAPI: Ex 351 nm, Em 370 -420 nm; Alexa Fluor 488: Ex 488 nm, Em 500 -550 nm; and Alexa Fluor 568: Ex 561 nm, Em 575-630 nm.
cDNA synthesis and conventional RT-PCR. Total RNA was isolated from platelets using Trizol reagent (Invitrogen) according to the manufacturer's protocol. For cDNA synthesis, 0.5 ug of RNA from each sample was digested by DNAseI (Invitrogen) and total RNA was reverse-transcribed using the Moloney murine leukemia virus enzyme (Invitrogen) and Oligo dT (Invitrogen). cDNAs were amplified using Taq polymerase (Invitrogen) with the primer sequences listed in Table 2 and conditions in Table 3 . PCR products were separated on 2% agarose gels containing ethidium bromide and visualized under a ultraviolet lamp.
Western blot for protein determination. Western blot analysis was utilized to determine eNOS, neuronal NOS (nNOS), and iNOS proteins in isolated platelets from control and IPAH patients. Isolated platelets were lysed with lysis buffer containing 50 mM Tris pH 7,4, 100 mM NaCl, 1 mM EDTA, Nonidet P-40, 10% glycerol, and proteinase inhibitors (200 uM NaO, 20 ug/ml aprotinin, 5 ug/ml leupeptin, 10 ug/ml pepestatin, 1 mM PMSF, and 1 mM DTT) and incubated on ice for 30 min. The protein concentrations in the supernatants were measured after the lysed platelets were centrifuged for 30 min at 14,000 rpm at 4°C, and then proteins were subjected to electrophoresis in SDS-PAGE after solubilization in SDS-PAGE sample buffer with 10% ␤-mercaptoethanol. The proteins were transferred to nitrocellulose membrane, and Western blot analysis was accomplished by using antibodies for eNOS (Biosciences, Pharmingen), nNOS (Biosciences, Pharmingen), and iNOS (Millipore, Temecula, CA) and secondary antibodies (NA931V; Amersham Biosciences). At the end, Western blots were developed using enhanced chemiluminescence (Amersham). Values are means Ϯ SE. IPAH, idiopathic pulmonary arterial hypertension; FEV1, forced expiratory volume in 1 s; MPAP, mean pulmonary arterial pressure; PVR, pulmonary vascular resistance; CI, cardiac index; AST, aspartate aminotransferase; ALT, alanine aminotransferase. 
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For detection of CD63, total protein (15 ug) was lysed and subsequently separated on a gradient 4 -15% polyacrylamide gel (Bio-Rad) under nonreducing conditions. Protein detection was performed with a primary antibody against CD63 (1:200; sc-5275; Santa Cruz Biotechnology) and GAPDH (1:1000; 14C10; Cell Signaling, Danvers, MA). For detection of protease-activated receptor-1 (PAR1), total protein (15 ug) was lysed and subsequently separated on a gradient 4 -15% polyacrylamide gel (Bio-Rad) under reducing conditions. Protein detection was performed with a primary antibody against PAR1 (1:100; ab32611; Abcam, Cambridge, MA) and GAPDH (1:10,000; AM4300; Ambion, Foster City, CA). Blots were incubated with differentially labeled species-specific secondary antibodies after primary antibody incubation [anti-rabbit IRDye 800CW (green) and anti-mouse IRDye 680 (red) 926 -32211 and 926 -32220; LI-COR Biosciences, Lincoln, NE]. Membranes were scanned using the ODYSSEY infrared imaging system (LI-COR Biosciences) and quantitated using Im-ageJ (NIH, Bethesda, MD).
Platelet aggregation assay. Platelets in Tyrode buffer with calcium were incubated at RT in the presence or absence of NO inhibitors for Ն30 min before the aggregation assay. N G -nitro-Larginine methyl ester (L-NAME), which shows selectivity to eNOS and nNOS, was used at 0, 1, 2, and 5 mM. Aminoguanadine, which shows selective inhibition to iNOS, was used at 2 mM. At the end of the timed incubations, platelets were subjected to aggregometry. Aggregometry was performed using 2 ϫ 10 8 platelets/ml in a final reaction volume of 500 l. Aggregation was stimulated using thrombin receptor-activating protein (TRAP) peptide at a final concentration of 5 M. After all the samples were run, an assay was performed on control platelets to confirm that the platelets were still capable of aggregation with TRAP peptide to the same degree as at the start of the experiments. All assays were performed using a Chrono-log whole blood aggregometer and data was recorded using AGROLINK software.
Whenever possible, platelets were diluted to 2 ϫ 10 8 platelets/ml with their PRP. However, when platelet numbers from IPAH patients were Ͻ2 ϫ 10 8 , the control PRP was diluted to the same numbers as that from the undiluted IPAH patients. In all studies, control PRP was done at the same time as the IPAH PRP. All aggregation assays were performed using a Chrono-log whole blood aggregometer, and data were recorded using AGROLINK software.
Statistical analysis. All statistical analysis was performed using Jump JMP version 5.0.1.2 for Windows. Continuous variables were compared with the independent two tailed t-test. P Յ 0.05 was considered as significant.
RESULTS
Low platelet counts in patients with IPAH compared with controls.
There was a significant difference in platelet counts between IPAH patients and controls [(platelet count ϫ 10 9 /l Ϯ SE) 212 Ϯ 6 for IPAH group and 266 Ϯ 8 for control group; P Ͻ 0.0001; Fig. 1 ]. Although, the patients with IPAH before and after therapy consistently had significantly lower platelet counts than controls there was no significant difference between the platelet count for the patients with IPAH before and after therapy [(plateletscount ϫ 10 9 /l Ϯ SE) 231 Ϯ 6 for IPAH before therapy and 215 Ϯ 7 for IPAH after therapy; P ϭ 0.08]. The patients on intravenous prostacyclin therapy, however, had significantly lower platelet counts compared with patients on other PH-specific medications [(platelets countx10 9 /l Ϯ SE) 173 Ϯ 11.2 for the patients in the prostacyclin group and 215 Ϯ 12.2 for control group; P Ͻ 0.02; Fig. 1 ].
Control and IPAH platelets are mature. To investigate if the platelets in IPAH patients were younger and therefore suggesting higher turnover, we measured the expression of COX-2, which is present in less mature platelets (10) and COX-1, which is present in more mature platelets. mRNA expression levels of COX-1 and COX-2 were measured by RT-PCR. COX-1 was present in both IPAH and control platelets ( Fig. 2A ), but COX-2 was not expressed in either group (Fig. 2B) . GAPDH was used for normalization ( Fig. 2C) .
Low eNOS protein expression in IPAH platelets compared with controls. Expressions of eNOS, nNOS, iNOS, and GAPDH in platelets from patients with IPAH and controls were evaluated by Western blot analysis. eNOS protein was present in both but at much lower levels in IPAH compared with controls ( Fig. 3A) . ␤-Actin was used to normalize the Western blot (Fig. 3B ). Figure 3C shows the ratios of the optical densities for eNOS/␤-actin protein (IPAH 0.48 Ϯ 0.05 vs. controls 1.23 Ϯ 0.2; P ϭ 0.02). However, iNOS and ; lanes 1, 2, and 3) and control (3 representative samples from a total n ϭ 12; lanes 3, 4, and 5) platelets, and COX-2 mRNA expression was not detected in either (B). The housekeeping gene GAPDH was used to normalize (C). nNOS proteins could not be detected in either IPAH or control (Fig. 3 , D and E, respectively) platelets. eNOS mRNA expression analysis was done by RT-PCR. The list of the primers and their conditions are shown in Tables 2  and 3 , respectively. eNOS mRNA expression was not detected in platelets from either IPAH or control individuals ( Fig. 3F ) despite strong mRNA expression of GAPDH (Fig.  3G ). We also used immunohistochemistry to determine the source of NOS. Platelets from Controls and patients with IPAH were stained for the platelet-specific marker CD42b and eNOS and are shown side by side in Fig. 4 
, with A-D representing IPAH and E-H representing controls (A and E:
CD42b; B and F: eNOS; C and G: colocalization of the 2; and D and H: secondary antibody staining only). eNOS and CD42b were detected both in IPAH (Fig. 4, A and B , respectively) and control (Fig. 4, E and F, respectively) . Colocalization of CD42b and eNOS were shown in Fig. 4G for control and in Fig. 4C for IPAH platelets. Figure 4 , D and H, shows negative controls of the same sections stained by the secondary antibody only. A signal for eNOS protein is present that co-localizes with the platelet-specific marker CD42b (green color in Fig. 4, C and G) , clearly demonstrating that platelets contain eNOS protein. Consistent with the results obtained from the Western blot data, IPAH patients have much lower levels of eNOS protein (Fig. 4B ) compared with controls (Fig. 4F) . The negative controls, stained with the secondary antibody only, showed only slight background of autofluorescence (Fig. 4, D and H) .
NO plays a role in platelets aggregation. We investigated the effect of NO on platelets using NOS inhibitors. Aggregometry using NOS-specific inhibitors clearly demonstrates that NO is important for platelet aggregation. Consistent with our finding that eNOS is present in the platelets, L-NAME, an eNOS/nNOS-selective inhibitor, prevented platelet aggregation in a dose-dependent fashion (Fig. 5A ) but aminoguanidine, an iNOS-selective inhibitor, had no effect (Fig. 5B ).
Defective platelet aggregation in IPAH patients. IPAH patients have increased in situ thrombosis formation and reduced NO levels. We therefore investigated if platelet aggregation was defective in these patients. We carried out aggregation studies using the activators TRAP or adenosine diphosphate (ADP). Titrating different doses of ADP or TRAP, we determined the level required to induce aggregation in control and IPAH patients. Interestingly, the dose required to activate platelets using ADP was not much different between IPAH and Control platelets (Fig. 5C ). The effect of TRAP activation, however, was markedly different (Fig. 5D ). In some IPAH patients, even 10 times the concentration of TRAP could not elicit the same response as the control despite similar ADP responses (Fig. 5C ). Since TRAP activation appeared to be defective in IPAH platelets, we investigated the levels of the TRAP receptor (PAR1) in these platelets. We saw no PAR1 difference in the levels of this protein between IPAH and control platelets (Fig. 6A ). There was also no difference in CD63 expression, which is marker for the dense granules that contain ADP (Fig. 6B) .
DISCUSSION
Our data demonstrate that platelet aggregation is defective in IPAH, which may, at least in part, be due to abnormalities in NO levels and NOS expression. We have also conclusively 9; A, lanes 1, 2, and 3) and control (3 representative samples from a total n ϭ 9; A, lanes 4 , 5, and 6) . ␤-actin was used to normalize (B). Quantitative analysis showed the significant difference of eNOS protein between IPAH and control (C). Inducible NOS (iNOS; D) and neuronal NOS (nNOS; E) proteins could not be detected in either IPAH or control platelets protein lysates. eNOS mRNA expression was not detected in platelets in either IPAH or control platelets (F). Three IPAH patients (lanes 1, 2, and 3) and 3 controls (lanes 4, 5,  and 6 ) are shown. The PCR product size of eNOS mRNA is 468 bp, and human umbilical vein endothelial cell (HUVEC) lines were used as positive control (F). The housekeeping gene GAPDH was used to normalize (G). demonstrated that all platelets do contain eNOS protein and that IPAH platelets have lower eNOS protein levels than controls. This important finding suggests that the known NO deficiency state in IPAH encompasses the platelets as well. Our data also confirmed prior reports that platelet counts are decreased in IPAH individuals compared with controls especially in patients receiving IV prostacyclin therapy. Interestingly, our new findings also demonstrate that circulating platelets from IPAH patients are mature, suggesting that the low platelet levels in IPAH are not explained by increased platelet consumption.
NO produced by NOS is a potent vasodilator that plays a major role in lung physiology and is known to be low in patients with IPAH. One of the earliest observations of NO function was the effect on platelets. NO can be derived from the endothelium or generated by the platelets. A number of studies (25, 32, 38) have found NO generated from platelets, but the identity of the platelet NOS isoform remains controversial. The majority of the evidence (1, 8) suggests that platelets contain eNOS; however, one study (32) suggested that platelets contain no eNOS message or eNOS protein.
Another possible source of NO could be iNOS since its mRNA has been identified in megakaryocytes (the platelet precursor cells) and in porcine platelets (29) . This possibility was corroborated by a study (27) that found that platelets from iNOS-knockout mice have significantly decreased NO production and aggregation time compared with controls. However, other studies (1, 12) have found no iNOS protein in platelets. Therefore, we analyzed for the three major isoform of NOS by RT/PCR, Western blotting, and immunochemistry. Western blotting clearly indicates that eNOS protein is present in the platelet preparations but not nNOS or iNOS. Interestingly, the level of eNOS protein is diminished in platelets obtained from PH patients compared with controls. We next looked for eNOS mRNA in platelets. Our results show that both PH and control platelets contain no mRNA for eNOS. Platelets do contain mRNA that is present from the platelet precursor megakaryocyte stage, but new mRNA synthesis does not occur as these cells lack a nucleus. Since eNOS mRNA half-life is ϳ14 h (20) , and the life span of a platelet is ϳ1 wk (14, 43) , it is unlikely that we would find eNOS mRNA in circulating platelets. This finding is consistent with the data from COX-1 absence that indicate that the platelets used in this experiment are mature and thus older than 14 h. This finding also diminishes the possibility that the eNOS protein detected by Western blotting was derived from other cell types since these cell types would contribute to the isolated mRNA and so would have given a positive mRNA eNOS signal. To further address the issue of location of eNOS protein, we carried out immunocytochemistry using an antibody from a different source than that used in the Western blots. It is clear that cells that are positive for eNOS protein are ones that were small, anuclear, and positive for the platelets marker CD42b. Thus we have conclusively demonstrated that eNOS is present in platelets and that platelets from IPAH patients have much lower levels of eNOS compared with controls platelets.
The biological effects of NO are complex since it can have direct effects or can react with other species to generate other reactive agents. The inhibitory pathway of NO involving direct actions on soluble guanylyl cyclase (sGC) leading to the generation of cyclic GMP is well characterized. This s messenger can then mediate inhibition of platelet aggregation by activating specific protein kinases that modify actin and myosin. In the presence of NO and 1H- [1, 2, 4] oxadiazolo [4,3a] quinoxal, an inhibitor of sGC, not all affects of NO are lost, suggesting that there must also be sGC-independent effects for NO on platelets (26) .
Our novel findings suggest new potential mechanisms of how NO regulates platelet function. In low NO states (simulated by Inhibition of NO synthesis), increased platelet activation was expected, as the inhibitory blockade caused Fig. 4 . Isolated platelets from the patients with IPAH and control were stained for eNOS protein (red) and platelet marker, CD42b, (green). eNOS and CD42b were detected both in IPAH (A and B, respectively) and control (E and F, respectively). Colocalization of CD42b and eNOS is shown in G for control and in C for IPAH platelets. D and H: negative controls of the same sections stained by the secondary antibody only. by cGMP is removed. We, however, saw the reverse and platelet aggregation was inhibited. This suggests that NO is also required for platelet activation, which is consistent with an observed burst of NO upon platelet activation (9, 32) . Taken together our data demonstrate that levels of NO are critical for platelet function. Too low levels of NO (presented here and seen in IPAH patients) as well as too high levels (previously published; Refs. 30, 35, 37, 41, 42) alter platelet aggregation.
TRAP activation mimics thrombin activation of PAR1. Activation using TRAP is clearly impaired in PH patients, but the ADP response is not. While the initial TRAP response seems normal, i.e., the shape change (increased absorbance upon TRAP addition) and start of platelet aggregation, this aggregation appears to be reversible and not sustained. This triggers several pathways coupled to G-protein subunits. These G proteins cause the release of calcium, the Rho pathway that results in the rearrangement of the actin cytoskeleton, and granule release. This granule release is required to amplify the initial platelet activation signal by releasing ADP and other agonists. From the aggregation traces of PH patients, the secondary phase seems lacking. The ability of the platelets to aggregate is not dysfunctional, as ADP elicits a response similar to controls. Since Levels of PAR1 and CD63 are similar to controls, this suggests that activation and granule formation are normal but granule content maybe aberrant.
Reduced levels of eNOS may explain these observations in IPAH platelets. Since platelets have to very precisely balance activation and inhibition, levels of NO need to fall within a narrow range. If too much NO is present, then platelet activation would be difficult as the sGC inhibitory pathway would predominate. However, too little NO (like we see in patients with IPAH) would lead to reduced thresholds for platelet activation by reducing the sGC inhibitory pathway but also by reducing the threshold of granule release by N-ethylmaleimide-sensitive factor. A consequence of reduced NO would be that platelets would be slowly leaching granular contents. This phenomenon may explain the observation of increased plasma levels of serotonin, a constituent of dense granules, in IPAH patients (24) . Also, since these platelets are more easily activated, due to the reduced GC pathway inhibition, minor activators could lead to thrombus formation, which can be found in Ͼ50% of IPAH patients (11) . The idea that the platelets exist in a preactivated state is further supported by a study (7) of PAH patients that found elevated levels of fibrinopeptide, a marker of fibrin breakdown and production, in 100% of IPAH patients. Other studies (22) found elevated von Willebrand factor antigen levels in IPAH and PH associated Fig. 5 . Platelets were incubated with various concentrations of N G -nitro-L-arginine methyl ester (L-NAME; A) or aminoguanadine (AG; B) at the end of a 1 h incubation they were tested for aggregation using 5 M receptor-activating protein (TRAP) activation as described in the text. Platelet rich plasma was isolated from IPAH patients and from controls. Platelet were then counted and diluted to give the same concentration between patient and control. Dose-response curve using 0 -10 mM ADP and 0 -30 M TRAP was carried out. Typical responses to TRAP (C) or ADP (D) are demonstrated on 3 patients and same day controls are shown (n ϭ 3 IPAH; n ϭ 3 controls).
with congenital heart disease, elevated levels of soluble P-selectin in IPAH patients, and increased von Willebrand factor levels at baseline and follow-up are associated with worse survival in patients with PAH. Based on our findings, when levels of eNOS are very low, then only partial activation of platelets occurs, with activation impaired since NO is also required for a full response. This concept is also supported by the increased presence of p-selectin in eNOS Ϫ/Ϫ mice in circulating platelets (31) and PH patients having circulating and activated platelets.
A model based on our findings and what is known about platelet function is depicted in Fig. 7 . Activation of thrombin leads to binding and activation of the PAR-1 receptor on platelets. This causes platelet degranulation and release of factors such as ADP, which potentiates the signal causing a strong aggregation response. Under normal conditions, NO causes activation of sGC, which prevents premature activation of platelets. However, in IPAH the level of NO is reduced, which reduces the threshold of platelet activation. In healthy controls, NO is increased upon platelet activation leading to full activation. This step is dysregulated in IPAH patients due to the low level of NO in these patients. Thus platelet dysfunction in IPAH is related to the known global NO deficiency in this disease that is now recognized to encompass the platelets. The central defect in eNOS in IPAH platelets could also have profound effects on other pathobiological features of the disease including (but not limited to) in situ thrombosis.
GRANTS Support for this study was provided by National Institutes of Health Grants HL-081064, HL-107147, HL-095181, and RR026231 and a BRCP 08-049 Fig. 6 . Expression levels of CD63 protein in platelet. CD63 expression was measured by Western blot in 3 healthy individuals and 3 IPAH patients (A). Expression levels of PAR1 protein in platelet. PAR1 expression was measured by Western blot in 3 healthy individuals and three IPAH patients (B; representative sample from a total n ϭ 9 IPAH; n ϭ 9 controls). Fig. 7 . Activation of platelets by thrombin leads to binding and activation of the protease-activated receptor-1 (PAR1) receptor on platelets. This causes platelet degranulation and release of factors such as ADP which potentiates the signal causing a strong aggregation response. Normally NO causes activation of soluble guanylyl cyclase (sGC), which prevents premature activation of platelets. However, in pulmonary hypertension (PH) the level of NO is reduced thus reducing the threshold of platelet activation.
